Recently, we have demonstrated that the oxygen reduction at the polarized water/1,2-dichloroethane (DCE) interface is catalyzed by 5-(p-aminophenyl)-10,15,20-tris(pentafluoro-phenyl)-porphyrin (H 2 FAP), 8 and 5,10,15,20-meso-tetraphenylporphyrin (H 2 TPP). 9 The diprotonated forms of these metal-free porphyrins, H 4 FAP 2+ and H 4 TPP 2+ , were asssumed to bind oxygen in a complex, which is reduced in the organic phase by ferrocene (Fc), 8 and decamethylferrocene (DMFc). 9 The homogeneous O 2 reduction was found to be catalyzed by H 4 FAP 2+ only in the DCE solutions acidified with tetrakis-(pentafluorophenyl)boric acid (HTB), while the reaction was quite slow in the presence of trifluoroacetic acid (HTFA). 8 The homogeneous reaction was proposed to follow the overall scheme, 
In this communication, we report a significant acceleration of the reduction of O 2 with Fc in DCE in the presence of H 2 TPP and HTB which, however, occurs within a rather narrow range of the acid-to-H 2 TPP molar ratio. This fine tuning of the catalytic effect represents a new phenomenon in the non-metal catalysis of the O 2 reduction, which we have studied in the present work using absorption spectroscopy, stopped-flow kinetic measurements and the DFT calculations. the equilibrium constants K 1 and K 2 for the two dissociation steps, 10 respectively,
The 1 H NMR and IR data actually suggest that the protonation of H 2 TPP is induced by ion pairing with the counteranion. 11 Successive formation of both the protonated forms was followed by ion transfer voltammetry in the presence of an excess of TB À (5 Â 10 À3 M). 12 The reported acid dissociation constants
] 0 denoting the analytical molar concentration of TB À . As expected, 10 K 2 is considerably larger than K 1 , while in the presence of small and strongly coordinated anions, such as Cl À or TFA À , the order of K 1 and K 2 is reversed. 8, 10 An addition of Fc (10 À3 M) to the air-saturated solution of HTB in DCE containing O 2 (1.39 Â 10 À3 M) 13 leads to the formation of the ferrocenium cation (Fc + ), which can be identified by UV/Vis spectroscopy at 250-350 nm or 500-700 nm (Fig. S1, ESIw) . The reaction then proceeds rather slowly, cf. also Fig. 1b (blue line), until all the H + is consumed and the free porphyrin base (Soret band centered at 418 nm) is recovered. The light pink colour of its solution is overlapped by the deep orange colour of the dissolved Fc. Fig. 3 (panel a) demonstrates the effects of the acid concentration and the addition of H 2 TPP on the initial rate v of the Fc + formation, as evaluated from the initial slope of the absorbance A vs. time plot, cf. Fig. 1 (panel b) . In the presence of HTB, but the absence of H 2 TPP, the oxidation of Fc proceeds at a low rate, which is practically independent of the acid concentration (solid circles). In the presence of both HTB and H 2 TPP, a significant enhancement of the initial rate is observed, which has a sharp maximum at the HTB concentration, 1.25 Â 10 À4 M (empty circles). In contrast, when HTB is replaced by HTFA, the reaction rate decreases to almost zero (empty squares), like for H 2 FAP. 8 The enhancement, Dv 0 , of the initial rate relative to that measured in the absence of H 2 TPP exhibits non-linear dependences on the analytical concentrations of H 2 TPP and of Fc, cf. the solid and empty circles, respectively, in Fig. 3 (panel b) .
These observations could be understood on the basis of the kinetic model, which involves the O 2 binding to the mono-or diprotonated forms of H 2 TPP via the NH + Á Á ÁO 2 hydrogen bond. 8, 9 An increased concentration of HTB results in an increased number of the NH + binding sites for O 2 which, however, are simultaneously being blocked with TB À . As a result, the concentration of the O 2 complex, and thereby the O 2 reduction rate, should pass through a maximum. Since the maximum rate is observed at the HTB to H 2 TPP molar ratio that is much larger than unity, the O 2 reduction is likely to be assisted by the diprotonated rather than monoprotonated H 2 TPP form. 8, 10 The kinetic model predicts a non-linear dependence of the reduction rate, v 0 , on the analytical concentration of Fc (eqn (S5) and eqn (S6), ESIw) and a linear dependence of v 0 on the analytical concentration of H 2 TPP (eqn (S8), ESIw). . The stabilization energies were calculated at the M05-2X/ 6-311++G** level for the M05-2X/6-31G* optimized geometries, following the procedure that has recently been used to evaluate weak interactions in the Lewis pairs. 14 To summarize the results, we have shown that the catalytic effect of tetraphenylporphyrin on the reduction of molecular oxygen can be finely tuned by the acid-to-catalyst molar ratio. The catalytic mechanism involves the binding of O 2 to the diprotonated form of tetraphenylporphyrin, in competition with the counteranion present. We conclude that TB À cannot be classified as a non-coordinating anion, on the contrary to the previous assumption. 8, 10 The activation of O 2 by coordination to the acidic moiety of a metal-free porphyrin or the imidazolium ring 15 appears to be an alternative catalytic route to the redox catalysis of the O 2 reduction by metal porphyrins. This investigation is relevant to studies of the non-metal sites binding O 2 in biological enzyme-catalyzed oxidations. 16, 17 Mechanistic considerations are supported by the DFT calculations.
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